The problem of determining the distortion of a perfect, compressible fluid mass subject to the action of given forces is one which has apparently not been treated with a view to obtaining solutions of maximum generality. It is proposed to consider a general formulation of the problem for the cases in which the forces are tidal or rotational and to outline the steps by which a formal solution can be obtained.
The problem of determining the distortion of a perfect, compressible fluid mass subject to the action of given forces is one which has apparently not been treated with a view to obtaining solutions of maximum generality. It is proposed to consider a general formulation of the problem for the cases in which the forces are tidal or rotational and to outline the steps by which a formal solution can be obtained.
In prospect, it should be noted that the problem has been treated in detail for polytropes,l i.e., configurations whose pressure-density relation is of the form p = Kpl+l/n + D, where P is the pressure at any point, p is the density at that point, n is a parameter called the "polytropic index" and K and D are constants. The methods used for polytropes can be extended to the treatment of configurations having arbitrary pressure-density relations and are, in fact, the methods to be used.
First to be considered is the problem of rotation. Let a perfect compressible fluid mass be at rest in an otherwise empty space. In static gravitational equilibrium the mass will assume a spherical form. If, however, the fluid mass (a star) partakes of a slow rotation about some fixed axis through its center, then the configuration will no longer be spherical; the "star" will have suffered a small "perturbation" from the static gravitational equilibrium which would prevail were it not rotating.
The equations of the problem are describe an undistorted equilibrium configuration, or in other words, are solutions of the equations
Straightforward substitution enables one to perform a separation of variables and leads to a set of differential equations in t alone. Their solutions, together with equation (7) and the set of Legendre polynomials, yield a complete formal solution. In order that it be an actual solution, however, it must satisfy certain appropriate boundary conditions. In the first place, the separate gravitational potential functions for the regions inside and outside the configuration must be joined smoothly at the outer boundary of the star, i.e., the functions and their first derivatives must be equal on this surface. This can be shown to imply that 71)(t) 0, (j $ 0, 2) (16) where t = to is the outer boundary of the original, unperturbed configuration. Further, it can be shown to follow from (7) and (15) that ¢(1)(t) _O. (j$ 0, 2) (17) VOL. 27, 1941 With these results, the differential equations to be solved are found to be
After the solutions of equations (18) and (19) 
(21)
It should be noted that a derivation of these last four equations depends on the assumption that a relation such as (7) exists; its exact form is irrelevant but its existence is necessary. Now, equations (18) and (19) are second order ordinary differential equations and therefore their general solutions contain two constants which are to be fixed by imposing on them appropriate initial conditions. If, instead of comparing rotating and non-rotating configurations of the same total mass, as originally proposed, one chooses to compare configurations of equal central density2 (and pressure), one then has the initial conditions t=0 = 0 d= t -0, =
whence it follows that -0,
By these conditions q() is uniquely determined. Not so for 21), however; for, since equation (19) is linear and homogeneous in 12), solutions satisfying (23) are arbitrary to the extent of an arbitrary constant factor.
Thus, if ,41) * is a solution, so also is aa')i)"', where ac41 is any constant.
Hence, for definiteness, one could choose 42l) * to be approximately pro-portional to t2 near t = 0 and in this case the constant a41) would be fixed by the condition (16) which would become
The constant a4') will be found to have a general analog in the tidal problem and is a parameter of considerable importance, the oblateness, for example, being expressible in terms of it. In principle, therefore, the problem of the distortion of a compressible fluid configuration by rotation has been solved by a perttrbation methodaccurate to the first order in e. The same general procedure is applicable to the treatment of the distortion of a compressible fluid configuration by the tidal force of an inverse square field.
Let a configuration be subject to the tidal action of a particle of mass M' at a distance R from the center of the configuration and in the direction 
VOL. 2a1, 1941 The boundary conditions to be satisfied by the v(1) are In sum, then, the method applies generally and the approximation is accurate to the first order in an appropriate (constant) perturbation parameter or parameters. The generality derives from the fact that no specific pressure-density relation need be assumed; only the existence of such a relation is required. Indeed, a statement of a particular relation is made quite unnecessary. This enables one to obtain results from any known static equilibrium configuration. It is proposed to give numerical results and details of the argument in a subsequent publication.
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